Background: The number of new world records has decreased substantially in most athletic events in recent years. There has been enormous growth in participation at Masters events, and older athletes have been competing at the highest levels with much younger athletes. However, the progression of athletic performance over time has not been well investigated in Masters athletes. Objective and Methods: To determine whether older Masters athletes improved athletic performance over time, running and swimming times from 1975 to 2013 were collected biennially. The running event of 100 m was chosen specifically, as it is one of the most popular track and field events that would have attracted a large number of competitors. The middle distance of 400 m as well as 100 m freestyle swimming were also examined to determine whether the results in 100 m sprint event can be confirmed in other events. Results: The improvements in fastest 100 m running times over time were not significant. However, all the Masters age-group records improved significantly over time. The slopes of improvements over the years were progressively greater at older age groups with the greatest progression observed at oldest age groups of 75-79 years examined. The general trends were similar for 400 m middle-distance running and 100 m freestyle swimming. Conclusions: While younger athletes' performance has stagnated, Masters athletes improved their athletic performance significantly and progressively over the years. The magnitude of improvements was greater in older age groups gradually closing the gap in athletic performance between younger and older participants.
Introduction
With advancing age, risk for developing chronic diseases increases, and the capacity to perform physical tasks decreases. However, the prevalence of age-related chronic diseases and physical dysfunction is substantially reduced or even absent in older adults who continue to train and compete in athletic competitions (i.e. Masters athletes) [1, 2] . Although there is an active debate as to if and when athletic performance at the highest levels of competition reaches its natural limit [3, 4] , there has been enormous growth in participation at Master athletic events in recent years [5, 6] . Currently, it is not known whether athletic performance of Masters athletes continue to progress and whether older athletes experience greater improvements over time. The available information in this area is limited to a restricted examination period (up to 1999) [5] or endurance performance [6] . This is unfortunate given the recent surge in Masters athletic competition and the fact that one of the most popular athletic events in Masters athletics are sprint running events. Additionally, because the rates of age-related decline in athletic performance differ between sprint and endurance events [5] , one cannot extrapolate the findings from endurance (aerobic) events to sprint (anaerobic) events. Accordingly, the primary aim of this study was to characterize progression of athletic performance in Masters athletes in sprint events from 1975 to 2013.
Methods
Running and swimming times were collected from the publicly available Masters Track and Field and Swimming databases (www.world-masters-athletics.org, www.fina.org). The time span ranged from 1975 to 2013. The running event of 100 m was chosen specifically as it is one of the most popular track and field events that would have attracted a large number of competitors over the years. The middle distance of 400 m was also examined to determine whether the results in 100 m sprint event can be confirmed in a longer distance event. Moreover, to see whether the trends of progression can be observed in other athletic events, 100 m freestyle swimming was evaluated. Age groups were separated into eight 5-year segments spanning from age 40 to 79 years. The top three times of each age group for each year were selected biennially. Additionally, the fastest three running and swimming times of any age were collected for the same years to represent a reference (i.e. young) standard from which to compare Masters age-group records. Data were analysed by multiple linear regression analyses using SPSS software (Chicago, IL, USA). If a significant interaction was found, the simple slope of linear trends of athletic performance (i.e. the yearly improvement in running or swimming time from 1975 to 2013) was compared between age groups and sexes, as previously described by Preacher et al. [7] . A variety of trends (linear, curvilinear, etc.) were fit to describe the relations between athletic performance and age. None of the lines was statistically better fit than the linear regression.
Accordingly, linear regressions were used to describe the progression of athletic performance. Statistical significance was set a priori at P < 0.05 for all analyses.
Results
There were significant interactions (age × year × sex) in all athletic events examined. As shown in Figure 1 , the improvements in fastest (i.e. young reference) running times for 100 m running were not significant. Relative improvements in the 45+ age groups were significantly different from the fastest running times. The progression of running times was significantly greater as the ages of participants increased. The general trends were similar for 400 m middle-distance running. The progressions of 100 m swimming times were significant (P < 0.05) for all age groups and for both sexes. Older age groups demonstrated greater improvements in swimming times over the years examined. In general, older athletes and women had greater slopes of improvement in performance during that time (Table 1) .
Discussion
The primary findings of the present study are as follows. Unlike the fastest (young reference) running time, 100 m running performance improved over time in most age groups examined in the present study. These progressive improvements were observed in both men and women. The rates of yearly improvements in athletic performance were progressively greater in women and in older age groups. The findings on 100 m sprint was confirmed in 400 m running as well as in 100 m swimming events.
We observed significant improvements in performance of Masters athletes from 1975 to present day in most age groups. The slopes of sprint performance increase were greater than those of young elite athletes. We hypothesized that with ever increasing participation of older athletes, the level of competition would rise, acting as additional catalyst for improvements in athletic performance that might not be present in that of elite competition where participation has already been extremely high. It is indisputable that the popularity of and participation in Masters athletic events have increased steadily. Evidence of increased participation of older athletes is well documented in endurance events. For example, in marathon, almost half of current marathon runners in the USA are master athletes over the age of 40 years [8] . Although the per cent of marathon finishers younger than 40 years decreased significantly over the past three decades, the per cent of Masters finishers increased significantly for both men and women [9] . Additionally, one-quarter of marathon runners in their 60s will outperform more than half of the younger competitors between the ages of 20 and 54 years 
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Masters athletic performance [10] . Furthermore, 61-year old sprinter can generate a 100 m running time that can surpass the Olympic winning time achieved in the first modern Olympics [11] . Thus, greater improvements in performance of Masters athletes can be attributed to increased participation and/or a substantial rise in the level of Masters competition. Our present results are consistent with previous research in Masters athletes engaged in endurance sports [5, 6] . As the participation of older athletes' has increased in endurance events since 1975, there appear to be relatively larger increases in female participation compared with male participation. In the New York City marathon, increases in the number of participants were substantially greater in women than in men over the last 30 years [9] . In the current study, when comparing the slope of improvement, we found that the greater improvements in running times were seen in women than in men. Thus, the larger number of female participants in recent years may be a possible explanation for the larger magnitude of improvement observed in athletic performance of female Masters athletes.
There are a number of limitations that should be noted. First, data concerning Masters athletic performance have only been certain since the mid-1970s, around the time when the World Masters Athletics, the governing body for the sport of Masters athletics, was founded. Second, we have used linear plots to represent the progression of performance over years. This was because other fits (e.g. curvilinear fits) were not significantly different from or superior to linear fits. In this context, the progression of Ironman Masters triathlon performance is also fairly linear in the past 15 years [6] .
In conclusion, we demonstrated that athletic performance in Masters athletes aged 45 and older continued to improve to this day. Undoubtedly, a larger number of faster, stronger and better participants in Masters athletic events may have contributed to these improvements.
Key points
• Athletic performance is a good index of functional capacity with advancing age.
• More older athletes have been competing at the highest levels of competition.
• The magnitude of improvements in athletic performance is greater in older age groups.
